ABSTRACT: Given the recent increase observed in crime and violence related to sport activities and the subsequent need for governments to devote more resources to deter this pattern, this article presents empirical evidence that could justify the possibility of taxing the negative externalities associated with the staging of football matches. Focusing specifically on theft (mainly pick pocketing) and assault (interpersonal violence or hooliganism), we seek to determine the extent to which this private leisure activity is responsible for negative crime externalities on a urban context. Drawing on data for the matches played by Football Club Barcelona (FCB) and geocoded crime data for the city of Barcelona (Spain), we assess whether there is an increase in thefts and assaults across the city of Barcelona. Then, conducting an Exploratory Spatial Data Analysis (ESDA) and a spatial regression at the census tract level, we determine the effect of football matches on crime by comparing crime rates during home and away matches. We find an increase in the number of thefts across the whole city but, especially, in those census tracts within a 700-meter radius of the stadium, indicating that despite the increase in the number of police officers on duty in the vicinity of the stadium, potential offenders are attracted to crowds where rewards are likely to be higher and the probability of being apprehended lower. These results are confirmed by the relatively low number of crimes committed during away matches in the census tracts around the stadium. A similar spatial pattern is found for assaults, although the overall impact across the city is not significant. Our results, therefore, provide evidence of a displacement effect of violent supporters (hooligans) towards the census tracts closest to the FCB stadium on football days. JEL Codes: K42, H27, R1, L83
Introduction
With over 52 million followers on Facebook, 11 million followers on Twitter and a long history of sporting success, Football Club Barcelona (FCB, hereafter) is one of the world's leading football teams. Its current popularity is reflected in an average gate of over 70,000 spectators at its home games. Indeed, the attraction of FCB would appear to represent a sizeable economic benefit for the well-known city and its citizens. For instance, it seems probable that the club's home matches attract a higher number of tourist arrivals and boost levels of consumption in the retail sector with a consequent positive impact on job creation and tax revenues.
However, despite these positive economic effects, a number of negative externalities may affect the city as a result of its being home to such a major team and its hosting of such large events on a regular basis. Above all, the presence of FCB might promote criminal activity. Large crowds are likely to increase the number of potential targets, thus attracting more offenders, especially those "specialized" in property crimes (such as pick pocketing). Moreover, the increase in the number of social interactions, the high consumption of alcohol combined with the euphoria of a victory or despair of defeat can increase levels of interpersonal violence (Card and Dahl, 2011 event fuelled further the discussion regarding the close relation between football and violence (inside and outside stadiums). 3 In this sense, and despite the efforts of FCB to eradicate violent behaviour inside the stadium, a violent group of radical FCB supporters (called Boixos Nois) continues to gather outside the stadium on match days to "warm up" the atmosphere. Note, however, that as previously mentioned excitement and alcohol consumption, among others, could also influence violent behaviour of nonradical football fans.
Precisely to prevent the occurrence of such violent incidents, to guarantee the security of citizens and also to prevent other types of criminal attitudes, large numbers of police officers are usually mobilized on match days. For instance, the police force engaged in security issues in Barcelona and its region (Mossos d'Esquadra) estimates that an average of 246 police officers are required to police "high risk" games, such as those between FCB and its historic rival Real Madrid CF. However, this deployment of officers and police resources generates an additional cost and one, moreover, induced by a private activity that has to be borne by the whole of society via general taxation.
In response, various European governments have attempted to levy a tax to cover the negative externalities attributable to large-scale events in the form of higher crime rates. In the UK, with a long-lasting record of hooliganism, the South Yorkshire Deputy
Chief Constable and lead on football policing for the Association of Chief Police Officers (ACPO), Andy Holt, has stated that football clubs should cover the full cost of policing football matches, and not just those incurred within and around a certain distance of the stadiums as is current practice, given that the impact of a match affects a much larger area. 4 In Spain, where public finances are currently under considerable stress and there is a need to seek alternative sources of revenue, the debate remains ongoing. In 2014 the
Catalan regional government budgeted a tax to cover extra policing resources for high 3 This issue is, unfortunately, well spread around the world and we can find many (recent) examples in countries such Argentina and Chile (http://www.marca.com/2015/02/17/futbol/futbol_internacional/argentina/1424213985.html, last accessed April 2015) or in other European cities such as an aggression of Chelsea fans to an individual in the previous hours of a Championship match between PSG and Chelsea. (http://www.elmundo.es/internacional/2015/02/18/54e44545268e3e4a728b4572.html, last accessed April 2015) . 4 The ACPO found a statistically significant increase in the number of crimes up to 1 km away from UK football grounds. British media pays attention to the debate: http://www.channel4.com/news/shouldclubs-pay-more-to-police-football-matches (last accessed April 2015) . risk events. 5 The cost of a police officer is estimated at 35 euros per hour, which means policing a "high risk" match costs 54,798 euros; 35,000 of which are to be met by FCB in concept of extra policing costs. The Catalan Home Office estimates that an annual revenue of around 200,000 euros will result from this tax. However, such estimates are not based on the actual impact of a football match on the city's security and this would require an analysis of their full effects on crime counts. Even in UK, recent high-profile disputes between football clubs and the police over the charges levied by the police have highlighted a lack of clarity regarding the cost of policing football matches. The aim of this paper, therefore, is to conduct an in-depth analysis of the impact of FCB matches on different types of crime in an urban context. The use of geocoded data, the approach adopted and the techniques employed make an innovative contribution to the literature. Our results allow us to characterize in full the impact of the football matches of a leading European team on crime in a major European city.
More specifically, we study the respective impact of FCB's home and away matches on property crime (e.g., theft) and on crime against the person (e.g., assault).
Drawing on a panel dataset (containing daily and census tract information), we present a descriptive analysis employing GIS techniques to show that FCB's matches impact crime patterns not just around its stadium, but throughout the city of Barcelona. We also present a spatial confirmatory analysis of the effect of the club's matches on crime around the stadium by analyzing the extent to which the agglomeration of people impacts each type of crime. To ensure the robustness of our results, we carry out various checks for crime patterns on those days when FCB play away (and when the spatial impacts should not be found).
The rest of the paper is structured as follows. Section 2 reviews the existing literature that accounts for the potential effects of football on crime. Section 3 presents the datasets used and the matching process applied to the data prior to conducting the empirical estimations. Section 4 presents the methodology for estimating the impact of football matches on crime and the spatial analysis used. Section 5 shows the empirical results from the regression analysis. Section 6 presents the descriptive and confirmatory spatial results. Finally, section 7 sums up the paper and concludes. Kirby et al. (2013) show how football matches were associated with an increase in domestic violence in the United Kingdom.
Marie (2010, 2015) describes three main channels through which football matches may affect crime. 7 First, the concentration effect is the most straightforward of the effects to be considered. Simply put, an agglomeration of individuals in a particular place is likely to increase social interactions, which combined with high levels of 6 See the crime pattern theory (Brantingham and Brantingham, 1993 ) for a detailed explanation of offense patterns and the dynamics involved; and see Brantingham and Brantingham (1995) for an explanation of their classification of places as crime generators or crime attractors. In a nutshell, given the importance of places in the crime pattern theory football matches can be seen as both a crime attractor (they draw intending offenders because of known suitable targets) and as a crime generator (offenders are part of the population that frequent the match and take advantage of the unanticipated opportunities encountered). 7 Spectator violence in stadiums has been a longstanding tradition and, as pointed out by Madensen and Eck (2008) , documentation of such events is found in texts from ancient Greece and the Roman Empire. See Madensen and Eck (2008) , and references therein, for a complete guide to address the problem of spectator violence in stadiums and other arena-type settings, discussing the factors that contribute to such incidents and reviewing the responses to the problem, and what is known about them from evaluative research and police practice.
alcohol intake may lead to interpersonal violence (clashes and fighting often referred as hooliganism) and property crimes (especially, theft and pick pocketing). In accordance with routine activity theory (Cohen and Felson, 1979) , for a crime to occur, a suitable target, a motivated offender and the absence of a capable guardian must converge in time and space. A football match increases exponentially the number of potential targets, which in turn attract a certain number of motivated offenders (above all pick pockets given that the rewards should be high), while the agglomeration itself reduces the probability of apprehension (anonymity). If these elements all converge, then we would expect to observe an increase in the number of property crimes around a football stadium on match days.
Agglomerations, albeit at a smaller scale, may also occur in other parts of the city (and not only in the vicinity of the stadium), since supporters and football fans often gather in public places to watch the match or to celebrate (lament) a victory (a defeat).
Therefore, a rise in thefts might be expected in other areas of the city on a match day.
Additionally, when the team is playing away, while an impact around the stadium would not be expected, we might expect to see some effects in those places where matches can be watched (pubs and bars, etc.).
Second, the profiles (gender and age) of the average football fan and potential offender are not dissimilar, which may have a number of implications for crime rates.
Specifically, our crime dataset including known offenders in Barcelona between 2007 and 2011 reveals that 79% were male; 76% were under the age of 40; and, 63% were under the age of 35, a profile that is, in general, very similar to that of football fans, as in the case of London, as captured by the FA Premier League Fan Survey 1994-1997.
The coincidence of the two profiles might, on the one hand, point toward a potential increase in illegal activities, or, on the other, to a 'self-incapacitation effect', as a share of the population with a similar profile to those presenting a greater propensity to commit illegal activities will always be watching the match, resulting in a fall in the crime rate.
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The third effect, also cited in Marie (2010 Marie ( , 2015 , is that of 'displacement', given the reassignment of police officers to points around the stadium on match days. This 8 Self-incapacitation due to attendance of an event by a part of the population with a greater propensity to commit crimes has been examined by Dahl and DellaVigna (2009) for the case of violent blockbuster movies. Here, we expect the incapacitation effect to be manifest during the ninety minutes of the game. However, after the final whistle, crime may increase as a result of both the incapacitation effect being lifted and the outcome of the match .
represents an opportunity for criminals in areas in which levels of surveillance have been relaxed. The spatial analysis we perform here at the city level provides us with some insights as to whether this effect is evident for the city of Barcelona. Note, however, that if the number of police officers assigned to other areas of the city is not reduced on match days, this effect will not exist.
These three channels may not appear to increase crime when the data is examined on a daily basis; only an hourly analysis can reveal their presence. For instance,
Montolio and Planells-Struse (2015) detect the incapacitation effect only during the football match itself, while the same authors report a substitution (displacement) effect with police officers apparently being reassigned from certain activities (driving-and drug-related offenses) to others in which their primary concern is guaranteeing citizen security and maintaining traffic flow.
Regarding the specific problem of hooliganism, and although our aim is not to unveil its determinants, there is a vast sociological, psychological and even anthropological literature analyzing such phenomenon. 9 In the economics literature the evidence is scarcer. Priks (2010) , we combined some of these articles, paying particular attention not to aggregate crimes with different offender motivations. For the main property crimes, we used the variable "Thefts", i.e., the misappropriation of the belongings of others without resorting to any type of violence, while for the main crimes involving interpersonal violence, we included the variable "Assaults", i.e., harmful, offensive contact perhaps resulting in injuries (which can be associated with hooliganism).
After eliminating all observations responding to other crime types, the final data subset comprised 359,711 geocoded observations. We aggregated all the crime data up to the census tract level. The city of Barcelona is made up of ten districts divided into 11 The Mossos d'Esquadra are responsible for virtually all police duties. The Spanish National Police (Cuerpo Nacional de Policía) and the military police (Guardia Civil) retain a number of administrative responsibilities (e.g., issuing of identity cards and passports) and undertake counter-terrorist and antimafia activities. 12 The original dataset contained a total of 978,218 observations; with 953,257 observations that could be properly geocoded. 13 The data coordinate type was UTM-31N, based on the European Datum 50 (ED 50) projection, although, for the sake of homogeneity with other layers of polygons, we re-projected the coordinates to ETRS89. The geocoding process was undertaken, in part, by the Mossos d'Esquadra, and completed using GIS techniques, with some 40,000 observations being geocoded by hand using Google Maps.
73 neighborhoods, which are in turn broken down into 1,061 census tracts according to the electoral population. 14 We opted to use this unit of analysis as it is the smallest available and, moreover, it can be directly linked to the districts, which are the primary spatial units employed by the police for their policing and strategy decisions.
Additionally, as the census tracts are determined according to the population, we indirectly control for the population at risk in each spatial unit.
Football data
We merged the above crime dataset with that for the football matches played by This data set contains information about the day, time, result, number of spectators and the location of the match (i.e., played either at home or away). 14 We use the census tracts for the 2011 municipal elections. One advantage of this spatial division is its homogeneity, with each containing a minimum of 500 and a maximum of 2,000 citizens. 15 FC Barcelona's stadium, the Camp Nou, is the fifth football largest stadium in the world with a capacity, at February 2013, of 99,354 spectators.
The dataset consists of a total of 125 home and 130 away matches. The majority of matches were played in the Spanish domestic league (169), followed by the King's Cup (32 matches played); however, the European Champions League matches (a total of 50)
attracted by far the highest gates. Of the 255matches, ten were played against the historic rival, Real Madrid CF, the majority being Spanish domestic league games.
Matching process
Given the size of the dataset -comprising 255 days on which a football match was played (home and away), 960 days without a match, and 1,061 census tracts -we opted to undertake a matching process between days on which a game was played with highly similar days on which no match was organized. The main dataset was reduced in order to improve tractability and so as to be able to undertake the empirical estimations.
The matching of 'football days' with 'non-football days' was conducted taking into consideration the high variation in crime rates with time. Montolio and Planells-Struse (2015) show that the time of day, the day of the week and the month of the year, all appear to play a major role in accounting for crime. Weekends are, by far, the time of the week when crime levels are at their highest, while summer months, the first day of the month and bank holidays also record higher rates of crime. In order to capture this variability across time units and to form a dataset in which 'football days' can be compared to 'non-football' days, we employed the following matching process: we matched the days on which a game (home and away) was played (treatment) with a day without football (control) ensuring that these days corresponded in terms of the day of the week, the month and the year and that they corresponded to neither a bank holiday or the first day of a month. After applying these criteria, we were able to match 107 days in the case of home matches and 106 in the case of away matches. For the remaining matches we relaxed the month requirement. Hence, the remaining match days were matched with days that corresponded to the same day of the week in the same year (but not in the same month). 16 In this way, we matched a further 18 days on which home matches were played and a further 24 on which FCB played away.
Thus, we have two datasets: one comprising 125 days on which FCB played at home matched to 125 similar control days on which no football matches were played, 16 The month fixed effect we introduce captures the heterogeneity across months.
and another comprising 130 days on which FCB played away matched to 130 similar control days on which no football matches were played.
To both datasets, we added a number of variables to control for weather conditions.
These included rainfall per day, the number of sun hours per day, the average temperature per day, the average daily atmospheric pressure and the average daily wind speed. All these weather factors have been shown to be good explanatory variables for crime (Anderson, 2001; Jacob et al., 2004) . For instance, rainfall can reduce the potential number of targets in the streets as people prefer to stay at home, while the number of sun hours and higher temperatures can increase this number as people take to the streets and so the potential number of thefts also rises. Table 2 shows the main descriptive statistics for the days with home matches, the days with away matches and for the controls in both subsamples. It is evident that the statistics for the weather related variables are similar in the case of both treatment and control days. This shows that our matching process has been successful in matching 'football days' with 'non-football days' in terms of similar temperatures, number of sun hours, atmospheric pressure and wind speed. Therefore, our control sample, a priori, includes the same number of individuals on the streets and, hence, the same population at risk.
As for the main dependent variables, the number of thefts, or pick pocketing, is higher on days when FCB were playing both at home and away, although when the match was at home the difference was much greater. In contrast, in the case of assaults, no difference is observed between the number of assaults committed on match days and on control days. As such, we do not expect to find any impact of football matches on the number of assaults, at least, for the city of Barcelona as a whole.
Empirical approach: effects of football matches on crime

Regression approach
In order to estimate the overall effect of football matches on crime for the city of Barcelona, we omit, for the time being, the spatial variation of crime. In other words, we use the two datasets presented above with the crime counts by typology and the day of the year. We estimate a model of the following form: X is a vector containing potential predictors of thefts and assaults including averages of rainfall, number of sun hours, temperature, atmospheric pressure and wind speed as presented above. In Eq.
(1) γ is a vector that contains time fixed effects to capture any potential heterogeneity across days, months or years. Specifically, it contains a day of the year fixed effect to account for specific dates across the year. Additionally, and with the same objective, we include a week of the year fixed effect to account for Easter or the spring break. To account for heterogeneity across months, we introduce a month fixed effect. We also include a day of the week fixed effect to capture the heterogeneity of crime counts across days of the week. In this sense, weekly crime patterns seem to increase from Wednesday to Sunday, with a marked weekend effect. We also include a year fixed effect to reflect the differences in crime across the five years of our data span and a season fixed effect to account for seasonal variations in crime.
Finally, ϕ in Eq.
(1) represents a set of variables related to the football match being played. Specifically, it consists of dummy variables for the competitions being played and a dummy variable for special matches, such as those played between FCB and Real Madrid CF. Finally, εt represents the error term, which is assumed to be normally distributed with constant variance.
In order to estimate Eq. (1), we employ a basic Ordinary Least Squares (OLS) estimation with all the control variables presented above that account for variations in crime over time. We use robust errors to account for any potential problem arising from the errors.
As a robustness test we regress Eq. (1) also adding a dummy variable that takes value 1 for days following a match day, also distinguishing between home and away matches, and 0 otherwise. This robustness exercise is carried out since the effect of football matches on crime may persist during the following day after the match as shown in Montolio and Planells-Struse (2015) . The authors find that some types of crime, such as thefts, are significantly increase even eight hours after the football match.
Given that on average, the typical kick off and final whistle times for FCB football matches are between 20:00 and 22:00 the effect of the football matches on crime could be recorded the next day.
Spatial approach
After estimating the overall effects of football matches on crime, we are interested in analyzing changes in its spatial distribution when FCB play at home and away (treatment) and in comparing these outcomes with 'non-football days' (control). To do so, we undertake an Exploratory Spatial Data Analysis (ESDA, hereafter), which allows us to determine the presence of "hot spots" (areas where crime is more spatially concentrated) in the city of Barcelona employing kernel density functions and average nearest-neighbor statistics (Chainey et al., 2008 , represents the interaction term of the previous distance variable and a dummy indicating a match day at the stadium. As such, the parameters ηk capture the effect of being within a certain distance of the stadium when a football match is being held. We expect the number of crimes to rise as we get closer to the stadium, in part, due to the greater number of social interactions between supporters and, in part, due to the concentration effect that attracts offenders to crowded areas around a stadium.
We adopt two approaches to capture the distance decay effect. The first involves examining the way in which crime counts increase within cumulative rings of distance k (where k = 300, 400, ..., 1,400 meters). In other words, we construct cumulative rings that include crime counts in census tracts of increasing distances. In order to estimate this distance effect, we have to regress Eq. (2) k times with the k distance dummy, since the upper order rings are likely to be correlated to those of a lower order. The second approach involves estimating the non-cumulative rings. In other words, we focus on the way in which crime counts vary between census tracts at distance k and k-100 (in meters). In both cases we expect a distance decay pattern, as individuals are likely to be more spread out the further we move away from the stadium. It should be pointed out that the cumulative ring approach is more likely to show the effect of football matches and, hence, the use of LISA technique it is not a plausible solution since it is not recommended for datasets with few number of spatial units (Anselin, 1995) .
on crime at greater distances since with this approach all rings include the census tracts that lie closest to the stadium, i.e., those that are most likely to show a significant increase in their crime counts.
With the inclusion of this new dimension (the census tracts), the non-trivial number of zeros and the positive skewed distribution of the crime counts, we cannot use OLS since our results could be biased. Moreover, the data present a problem of overdispersion. In other words, the variance of the crime counts (both thefts and assaults) is larger than their mean. Therefore, we use a negative binomial approach that takes into account all the characteristics that differ from the standard assumptions underlying the OLS estimation. 18 It should be pointed out that the iteration process rarely converged when introducing census tract fixed effects. Consequently, we can only approximate the census tract fixed effects by means of district and neighborhood fixed effects.
Regression results
We estimate Eq. (1) using different definitions for the home matches. 19 We first present the results in Table 3 of the impact of an additional 10,000 spectators on the theft and assault counts. The first column represents a simple correlation with no control variables. Column 2 includes all time fixed effects except for the year fixed effects.
Column 3 includes also the weather control variables. Finally, in column 4 we include the year fixed effects.
Results in Table 3 show that an additional 10,000 spectators increases the number of thefts by around seven; we are able to explain approximately 75% of the variation of thefts across the city of Barcelona. In the case of assaults an increase of 10,000 spectators does not have a significant impact. The average number of assaults (given by the constant) is much lower than the average number of thefts and, also, compared to the theft regressions, the models for assaults are only able to explain, as expected, around 36% of the variance in the number of assaults. Table 4 shows the average effect of a football match being played at home on theft and assault counts. The four columns represent the same estimated model as in Table 3 18 Note that given that we estimate a negative binomial model, the coefficients reported in the corresponding tables are the incidence rate ratios that represent the increase or decrease in percentage of the number of counts of each crime type. 19 For the sake of homogeneity throughout the paper we perform these initial regressions with the dataset containing 'football days' (home and away matches) and their respective controls as presented in section 3.3. Nevertheless, when using the full dataset (containing all available days), we obtain very similar results. The tables are not reported but are available upon request.
above. The estimated coefficients in column 4 show that, on average, there are 40 thefts more on those days when FCB play at home. In the case of assaults, there is no significant increase in the number of assaults committed in the city of Barcelona. It might be the case that only the big matches, i.e., those with over 80,000 spectators, affect crime. In our sample, 36 matches can be considered as high risk or "hot" in terms of crime with attendances recorded at over 90% of the stadium's capacity. The variance in the number of spectators might affect the way in which potential offenders perceive their opportunities for committing crimes and their potential rewards. Yet, if police deployment is greater during these "hot" matches, pickpockets may decide that their activities are only worthwhile on match days when police deployment is less intense. In the case of assaults, "hot" football matches may increase the number of potentially violent supporters or hooligans. In order to account for the effect of big matches, Table 5 includes a dummy variable that takes a value of 1 if the home match is played before more than 80,000 spectators. Table 5 shows the impact of big home football matches on theft counts. In column 4, the most complete model, the estimated coefficients identify an increase of almost 23 thefts on such occasions. On days when match attendance does not reach 80,000, the increase is 18 for the whole city of Barcelona. In the case of assaults, the city of Barcelona does not, on average, suffer a significant increase in the number of assaults on big match days. So far we have considered the overall impact of home football matches on theft and assault counts. However, as discussed above, away football matches might also increase criminal activity in the city given that people typically gather in the city's pubs and bars to watch the game. This could generate similar crowding effects that might attract pickpockets or result in outbreaks of violence since alcohol is usually consumed while following the match. Table 6 , however, shows that neither theft nor assault counts are significantly affected by FCB's away matches. Although the average number of pick pocketing is higher on those days when FCB play away, after controlling for weather conditions and time varying variables this increase is not statistically significant. In the case of assaults, we even find a negative effect, although here again it is not significant. 20 Table 6 . OLS estimations. Effect of away matches on theft and assault counts.
VARIABLES
(1) 
Spatial results
Exploratory Spatial Data Analysis (ESDA)
After analyzing the overall effect of home and away football matches on theft and assault counts, we incorporate the spatial dimension by introducing the 1,061 census tracts of the city of Barcelona. We first present the descriptive statistics of the distribution of crime in the city of Barcelona and we carry out an ESDA analysis to 20 Tables A1 (for attendance in home matches) and A2 (for away matches) in the appendix present the robustness exercise when considering the impacts on the day after the match. The results, obtained after including all the observations in the regressions (that is, the matching process was not applied), are very similar to the ones discussed in the main text. In general, the impact of football matches on crime, even if present for some hours after the match that belong to the following day, vanishes given that our time unit is the day and for the whole next day, as expected, we do not find any impact.
show the main crime patterns on days when FCB play at home, on days when FCB play away and on 'non-football days' (controls). Table 7 show the relative increase in theft and assault counts, respectively, in census tracts whose centroid is located at a distance of k meters from the center of the FCB stadium relative to the total increase for the whole city of Barcelona.
Columns 1 and 4 in
Specifically, we show the results of the following formula: As can be seen in columns 1 and 4 of Table 7 , the increase in theft and assault counts in the census tracts located within a certain distance of the stadium represents a sizeable share of the total increase for the whole city on days when there is a home football match. Specifically, in the case of thefts, the increase in census tracts within a radius of up to 1,200 meters represents 43.59% of the total increase. After this threshold, the share decreases, either because the numerator falls or because the denominator rises, or both. From the percentages presented in columns 2 and 3, which represent the share of thefts committed in census tracts located within a certain distance on 'non-football days' (controls) and on days when FCB play at home respectively, it can be seen that the number of thefts in the census tracts whose centroid is within 1,300 meters (or more) of the stadium increases more on the control days than on the days with home football matches. This means that the concentration effect seems to disappear after a certain distance.
In the case of the number of assaults, column 4 shows that the census tracts that are located within 1,100 meters of the stadium account for up to 84.21% of the total increase in the number of assaults across the whole of the city. This increase is not homogenous indicating that the increase in the number of assaults in these census tracts on match days is lower than it is on control days, thus reducing the representation of the total increase in the assault count. Columns 5 and 6 show the share of assaults committed in census tracts located within a certain distance with respect to the total number of assaults in Barcelona on 'non-football days' (controls) and on days when home football matches are played, respectively. Again, the share of assaults committed when FCB are playing at home is higher than the share on 'non-football days' for all distances.
After analyzing the main statistics and the concentration of thefts and assaults in the census tracts located in the vicinity of the FCB stadium, we are able to depict these results in cartographic form. We show the kernel density estimations in order to identify the places in the city of Barcelona where the risks of being a victim of theft or assault on certain days ('football' and 'non-football') are highest. Kernel density estimations simply provide a smooth estimate of the point process derived by means of a moving window (bandwidth) over the data. In this sense, the objective is to estimate how event levels vary continuously across a study area based on an observed point pattern for a sample of points (Bailey and Gatrell, 1995 based mainly on the k-nearest neighbor mean distances, and dependent on the detail of analysis that the researcher wishes to obtain (city, county, neighborhood, street, parking lot, etc.). However, the bandwidth must also be theoretically justified since it reflects the contagious nature of a particular crime across space. For instance, thefts from vehicles may cluster in a specific parking lot because it has no surveillance cameras. It is reasonable to think that thefts from vehicles are likely to occur in the parking lot with the same degree of probability. If the lot extends over 250 meters, then a 250-or 300-meter bandwidth would capture the potential contagious effect. However, choosing a larger bandwidth will have the effect of extending the probability of thefts from vehicles to other areas where no cars are parked. Another example would be domestic violence, which tends to be highly focused on specific households. As such, the bandwidth of the kernel density estimation should be very small. In our case, we use a bandwidth of 300 meters for both thefts and assaults.
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In line with our matching process, we first calculate the kernel density functions for thefts and assaults on those days when FCB played at home (KH) and for their respective controls (KCH). We then compute the difference, KH -KCH, and plot it on a map. In Figure 1 , Map 1A shows this difference for thefts and Map 1B for assaults. The areas shaded red present the largest increases in the number of thefts and assaults between days when FCB played at home and days without football (controls) while the areas shaded blue present the largest shifts in the other direction. The unshaded areas present no change in their theft or assault counts.
Map 1A shows that, in the case of thefts, there is an increase mainly in two areas of the city: first, in the city center where people gather in bars and pubs to watch the match and where victories are celebrated; and, second, in the vicinity of the stadium (identified on the map with a green dot, see also Figure A1 in the appendix). A similar pattern is found in Map 1B for the number of assaults. An increase is observed especially in the city center, but also in areas surrounding the stadium. Note: Quadratic kernel functions. The representation is the density function per square km using natural breaks so as to identify outliers clearly. Bandwidths are set at 300 meters for both thefts assaults. Cell size is set at 20 meters to show as much detail as possible.
In Figure 1 the kernel density functions are the result of the difference between the kernel densities for the number of crimes committed on days when FCB play at home and those for the crimes committed on 'non-football days' (controls). The areas outlined in black on the two maps in Figure 1 denote "hot spots" corresponding to differences in densities on days when FCB play away and 'non-football days' (controls). As such, we plot on the same map increases attributable to both home and away matches. It is clear that these respective differences (i.e., home matches vs. controls and away matches vs. controls) do not coincide. On those days when FCB play away, there appear to be increases in theft and assault counts both in the center of the city and in certain areas where pubs and bars concentrate.
In order to focus our analysis on the vicinity of the FCB stadium, the maps in Figure   2 show only the crimes committed within a certain distance of the stadium. In this way we are able to understand more fully the fluctuations in crime counts around the football stadium.
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Map 2A shows that the number of thefts increases markedly when FCB play at home. This is particularly evident in the streets en route to the stadium from the main transport facilities. The circles outlined in black indicate the hot spots found when computing the difference in the kernel values when FCB play away and 'non-football days' (controls). Here, again the respective patterns (i.e., home matches vs. controls and away matches vs. controls) do not coincide. Map 2B shows similar results for the case of assaults. Although concentrated in smaller areas, there also appears to be a high concentration of assaults in the vicinity of the stadium. 
Confirmatory analysis
In order to confirm the crime concentration patterns around the FCB stadium when FCB play at home, we first estimate the effect of the distance to the stadium on the number of thefts and assaults. These results are presented in Table 8 where we also 22 Figure A1 in the appendix shows exactly the area of the city presented in Figure 2 .
include the square of the distance to account for possible non-linear relationships between crime and distance. Results show that the number of thefts in the census tracts is negatively affected by the distance to the stadium: the greater the distance, the lower the theft count. However, it is worth noticing that the square of the distance presents a coefficient greater than one, indicating a positive impact on the number of thefts. This non-linearity suggests that the effect of the distance on the number of thefts is convex, that is, the greater the distance, the smaller the effect on the number of thefts, with the reduction in this effect being higher. This reflects the potential presence of the concentration effect. In the case of assaults, Table 8 shows no effect of distance on the assault count. Table 3 . Each distance is estimated separately so as to avoid any correlation between rings at different distances. Coefficients reported as incidence rate ratios. Standard errors clustered at the district level in parentheses. *** p<0.01, ** p<0.05, * p<0.1 Next, we estimate Eq. (2) for both thefts and assaults using the cumulative and noncumulative rings (or buffers); see Tables 9 and 10 respectively. 23 Table 9 shows the results for all home matches (columns 1 and 3) as well as for home matches with an attendance in excess of 80,000 (columns 2 and 4).
In the case of thefts, the results show a clear distance decay pattern as we move away from the stadium -being in a census tract whose centroid is less than 300 meters from the stadium when FCB are at home increases the number of thefts by an average of 23 As explained in Section 4.2, each ring represents an increase of 100 meters from the stadium and includes all additional census tracts whose centroid falls within the ring. When using cumulative rings, all census tracts up to the distance ring are included. Figure A1 in the appendix maps the rings used, while Table A3 shows the number of census tracts included in each ring.
260% and by 400% on the day of a big match. This huge increase in pick pocketing during big matches in the same census tract as that of the stadium points to a clear concentration effect. Note that this impact is decreasing as we move away from the stadium. Table 3 . Each distance is estimated separately so as to avoid any correlation between rings at different distances. Coefficients reported as incidence rate ratios. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
The distance decay pattern for assaults appears to be very similar to that observed for thefts. Here again there is a sharp decrease in crimes between census tracts located within 300 meters of the stadium and those located within a radius of 400 meters. The marked increase in assaults in the census tracts closest to the stadium are presumably attributable, as previously explained, to the fact that a greater number of social interactions, and possible rivalries between opposing football fans, can lead to clashes and fighting. In the case of big football matches there appears to be a greater impact on crime at all distances computed from the stadium. Table 10 presents our analysis of effects on crime counts at specific distances from the stadium, without taking into account census tracts that lie closer to the football ground. These non-cumulative distance rings show the impact of home football matches in census tracts located 100 meters apart. Our results provide a clearer indication of the distance at which the impact of football on crime disappears. In the case of thefts, distance decay is clear, although not homogeneous as there are specific rings that present higher levels of thefts than rings that are closer to the stadium. This presumably reflects the fact that certain circumstances of an area are likely to increase the number of thefts. For instance, the ring of census tracts located at a distance of between 700 and 800 meters from the stadium presents almost no impact on the number of thefts. The effect of football matches on the number of thefts seems to disappear in census tracts located at an average distance of 900 meters from the stadium and in those located at 1,100 meters when FCB is playing a big match.
The largest increase in the number of assaults during home football matches occurs, as previously found, in census tracts located within 300 meters of the stadium. Indeed, it is probable that the majority of these incidents occur in the same census tract as that in which the stadium is located. The effect seems to disappear in census tracts located 600 meters from the stadium; however, it reappears in census tracts located between 800 and 1,000 meters from the ground. Again, the presence of specific places (bars, pubs, parking areas, etc.) could explain the spatial patterns observed.
Placebo test
We conduct a final exercise to verify the robustness of the above results by estimating the following equation: where the only difference with respect to Eq. (2) is that here we estimate the impact of being in a census tract at a certain distance from the stadium on a day when FCB play away. The results (see Table 11 ) indicate that, in general and as expected, when FCB play away the crime counts (both for thefts and assaults) are significantly lower in areas close to the stadium. Note that the only ring that shows an increase in the number of thefts and assaults during away football matches is the one located between 300 and 400 meters from the stadium. This result may be identifying a specific location (concentration of bars or pubs) in which people gather to watch the (away) match.
Conclusions
This paper has analyzed the overall effects and the spatial displacement/concentration effects of football matches on thefts (mainly pick pocketing) and assaults (related to hooliganism in the present set up) in an urban context. Using an OLS regression approach we first estimated the impact on crime across the city of Barcelona of Football Club Barcelona playing at home and away. The results show clear evidence of an increase in thefts when FCB play at home; however, this trend is not present for assaults or when FCB play away. In order to analyze in depth how large crowds attending football matches can impact criminal behavior, we analyzed crime patterns around the FCB stadium and found that both the number of thefts and assaults increased significantly. This pattern was confirmed using an ESDA and by undertaking a regression analysis. Specifically, we found that the number of thefts increased significantly in census tracts located within a 900-meter radius (1,100 meters on big match days) of the stadium, while the increase recorded in assaults was limited more specifically to areas located in the vicinity of the stadium entrances, that is, in census tracts located within a 600-meter radius (700 meters on big match days) of the stadium.
These results -the overall effects and the spatial crime patterns -point to two different crime generating processes. First, the spatial patterns indicate a clear concentration effect for both types of crime. In the case of thefts, large crowds attract pickpockets that perceive (in terms of the Routine Activity Theory) that their rewards will be higher and their probability of being apprehended lower, despite the increase in police presence around the stadium. The attractiveness of the targets may also drive part of this effect; the presence of spectators carrying cameras and cash, in addition to a large number of inattentive tourists, serve as magnets for pickpockets.
In the case of assaults, the spatial patterns also point to a concentration effect around the stadium when FCB play at home pointing out to the presence of interpersonal violence or hooliganism. Indeed, in the census tracts closest to the stadium (and in the census tract in which the stadium is located) the number of assaults increases significantly. However, the absence of any effects for the city as a whole (whether FCB are at playing home or away) suggests a second effect, that of displacement from other areas of the city to the stadium on match days. A possible explanation for this might be the similar profiles shared by football fans and potential offenders. The results reported in this study, however, do not control for the extra policing provided on match days, as no data are available. Yet, we have been able to show the significant increase in the number of thefts across the city of Barcelona even though there is a greater presence of police officers when FCB play at home.
Thus, in addition to shedding light on the effects of football matches on crime in an urban context, this paper may also be used for the effective allocation of police patrols in the city of Barcelona. As the ESDA and kernel density function analyses show, not only does the number of thefts in the vicinity of the stadium increase, there is also a rise in such crimes in the center of the city and in and around large transport hubs, including metro and railway stations. This indicates that additional police officers should be assigned to the area around the stadium and to certain parts of the city, including the city center, which suffers (approximately) half of the overall increase in the number of thefts.
The policy implications of our results are multiple. For instance, we have presented strong evidence of the increase in certain types of crime throughout the city of Barcelona when football matches are played, above all around the FCB stadium. An increase in illegal activities is recorded in relation to the celebration of a private leisure activity such as football and, hence, additional public resources must be devoted to control for these negative externalities.
While it is true that private institutions already contribute to public budgets via regular tax payments, the extra costs society has to face as a result of their activities need to be taken into consideration. In this regard, we still have much to learn about adapting taxation to the real costs attributable to the impact of football on illegal behavior. For instance, the real costs would have to take into account not only the need for extra police officers on match days around the stadium but also the need for additional policing in other crowed places in the city where, on match days, increases in thefts are recorded. Additionally, the police should not only monitor crowds at the entrance to the stadium, as they do now. As we have shown, the impact of football matches extends over a radius of more than 1 km in the case of thefts and around 500 meters in the case of assaults. In sum, any tax levied should take into account the direct costs of assigning extra police patrols within a radius around the stadium in which football is known to have a significant impact on crime. 
